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series with the lamp and a capacitor connected in parallel to the lamp. The AC voltage has a first high frequency during ignition 
of the lamp and a second high frequency during normal operation of the lamp after its ignition. The iirst frequency is higher than 
the second frequency by a ratio of at least 2,2. By modulating the frequency of the AC voltage the ratio can be increased while still 
complying with EMI and RFl requirements. 
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High frequency driver for gas dischai^e lamp 



FIELD OF THE INVENTION 

The invention relates to a high frequency driver for a gas discharge lamp, 
which is in series with an inductor and which has a capacitor connected in parallel to it 

5 BACKGROUND OF THE INVENTION 

US 5,138,235 discloses a starting and operating circuit for an arc discharge 
lamp. The circuit comprises a DC power supply means coupled to AC input terminals, 
oscillator means coupled to said DC power supply to receive a DC voltage, oscillator starting 
means and load means coupled to the output of the oscillator and including an inductor in 

10 series with the discharge lamp and a capacitor in parallel to the lamp. Upon switching on an 
AC power supply to the circuit the capacitor has a low impedance, an initial current through 
the inductor is high and a voltage across filamentary electrodes at ends of the lamp is high. 
With said latter voltage being sufficient high the lamp will ignite. Then the impedance of the 
load will decrease, which is reflected to the operation of the oscillator such that its oscillation 

15 frequency decreases from an ignition friequency to a lower normal operating frequency. In 
one example the ignition frequency is 46 kHz and the normal operating frequency is 25 kHz 
(according to electronic file of said document). This means a ratio between those frequencies 
is 1,84. 

US 5,438,243 discloses an electronic ballast for instant start gas discharge 
20 lamps. The ballast differs from the circuit disclosed by US 5,138,235 in that the oscillator, 

called inverter in US 5,438,243, comprises at its output a transformer of which the secondary 

winding supplies several gas discharge lamps in series with series inductors and capacitors. 

The inverter comprises two switched resonating sections for increasing a resonating 

frequency to over 50 kHz of the inverter at normal operating of the lamps. According to the 
25 document (column 4 lines 33-36): "Increasing the frequency reduces the values of the 

transformer and the ballast inductor and capacitors. Increasing the frequency also improves 

the performance and reduces the cost of the ballast." 

US 6,437,520 discloses an electronic ballast with cross-coupled outputs, 

comprising two inverters, of which each inverter provides a low voltage alternating current at 
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an AC output of the other inverter. As an example, at ignition the frequency is 80 kHz and 
with normal operation the frequency is 40 kHz. This means a ratio between those frequencies 
is 2. 

5 OBJECT OF THE INVENTION 

There is a still growing need for low cost, energy saving discharge lamps, 
often abbreviated to CFL ("Compact Fluorescent Lamp"), in particular CFL-I (a CFL device 
with integrated driver). There is also a need for such lamps with still smaller sizes and/or less 
heat dissipation and/or reduced costs. Partly this has been achieved by the development of 
10 integrated circuits containing many of the components of a lamp driver. Examples thereof are 
Philips UBA2021 for use with external oscillator output transistors, and Philips UBA2024 
having internal oscillator output transistors. However a major part of the size, heat dissipation 
' and costs of the circuit contained in a CFL-I is caused by the presence of the inductor, which 
■ is in series with the lamp. 
15 • It is common practice for a designer to increase a frequency of an alternating 

current flowing through an inductor to obtain a smaller size and/or lower temperature and 
lower cost of the inductor. Such practice is explicitly disclosed by US 5,438,243, which is 
mentioned with relevant citation above. 

However, the inventors have found that the contrary with respect to 
20 expectations takes place when applying said common practice. That is, with increasing 

oscillating frequency the temperature of the inductor will increase also, and vice versa. Yet, a 
frequency which is too low to ignite the lamp with, cannot be used. 

It is therefore an object of the invention to provide a driver which suits the 
demands mentioned above while obviating the disadvantages of the prior art. 

25 

SUMK4ARY OF THE INVENTION 

Said object is accomplished in one aspect of the invention by providing a high 
frequency driver for a gas discharge lamp, which is in series with an inductor and which has a 
capacitor connected in parallel to it, comprising an oscillator, which has DC input terminals 
30 for connecting to a E>C source and AC output terminals for connecting to a load comprising 
the lamp, the inductor and the capacitor, the oscillator oscillating at a first high frequency 
during ignition of the lamp and the oscillator oscillating at a second high frequency during 
normal operation of the lamp after its ignition, with the first frequency being higher than the 
second frequency by a ratio of at least 2,2. 
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This allows the use of an inductor having one or more of the characteristics of 
smaller size, reduced costs and reduced temperature. Also, it allows to reduce the size of a 
compact fluorescent lamp (CFL), in particular a lamp assembly (CFL-I) of such lamp and a 
driver according to the invention integrated therewith. 
5 According to another aspect the invention there is provided a method 

according to claim 7. 

According to still another aspect of the invention there is provided a gas 
dischai:ge lamp assembly having a driver according to the invention incorporated therein. 

1 0 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more gradually apparent from the following 
exemplary description in connection with the accompanying drawings. In the drawings there 
are shown: 

Fig. 1 a schematic diagram of a first embodiment of a high fi^quency driver 
15 which is connected to a gas discharge lamp and which is suitable for applying the invention; 

Fig. 2 a schematic diagram of a second embodiment of a high frequency driver 
which is connected to a gas discharge lamp and in which the invention has been applied; and 
Fig. 3 a diagram of examined pairs of an ignition frequency and an operating 
frequency for use with said first and second embodiments of a high frequency driver shown 
20 in figs. 1 and 2. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The circuit shown in fig. 1 comprises a typical high frequency driver in 
25 combination with a load which comprises a gas discharge lamp 2, which is in particular a 
compact fluorescent lamp (CFL). The circuit shown in fig. 1, lamp 2 inclusive, can be 
integrated to a single device and is then called a CFL-I. 

The driver will not operate without the existence of the lamp 2, an inductor 3 
connected in series with the lamp 2 and a capacitor 4 connected in parallel to the lamp 2. 
30 Therefore the series circuit of the inductor 3 and the lamp 2 having capacitor 4 connected in 
parallel to it can be considered as both a load of the driver and as part of the driver as well. 

The circuit shown in fig. 1 comprises terminals 6 and 7 for receiving a high 
DC positive voltage and ground voltage respectively. These high DC voltage and ground can 
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be supplied by a rectifier bridge (not shown) which has terminals to be connected to the AC 
voltage of the mains. 

A first terminal of an inductor 1 1 is connected to supply voltage terminal 6. A 
second terminal of inductor 1 1 is connected to an input HV of an inverter control 12, such as 
5 an integrated circuit UBA2021 manufactured by Philips, A ground input GND of the inverter 
control 12 is connected to ground terminal 7. Inverter control 12 generates a relatively low 
positive DC voltage which is provided at an output VDD. A series circuit of a resistor 14 and 
a capacitor 15 is connected between stud output VDD and ground terminal 7, with the resistor 
14 connected to output VDD. A connection node between the resistor 14 and the capacitor 15 

10 is coimected to an input RC of the inverter control 12, 

Inverter control 12 has control or clock outputs CLl and CL2 which are 
connected to the gates of field effect transistors (FETs) 16 and 17 respectively. FETs 16 and 
17 are connected in series with a drain of FET 16 connected to the high voltage input HV of 
inverter control 12 and with a source of FET 17 connected to ground terminal 7. An 

15 intermediate node of FETs 16 and 17 is connected to a terminal of the load comprised of the 
lamp 2, the inductor 3 and capacitor 4. The other terminal of said load is connected through a 
capacitor 18 to the high voltage input HV of inverter control 12 and through another 
capacitor 19 to ground terminal 7. Capacitors 18 and 19 are for DC decoupling. 

Capacitor 4, also called lamp capacitor, only serves during ignition of the lamp 

20 2. Inductor 3, also called ballast inductor or choke, serves during ignition of the lamp and 
during normal operation of the lamp 2 for stabilizing a current through the lamp 2. 

Values of resistor 14 and capacitor 15 determine in combination with the other 
components as shown an ignition frequency fjg and a normal operating frequency fop at 
which the circuit will oscillate upon applying a DC vohage to terminals 6 and 7. Upon 

25 providmg a DC power supply voltage to terminals 6 and 7 the capacitor has a low impedance, 
an initial current through the inductor is high and a voltage across filamentary electrodes at 
ends of the lamp 2 is high. With said latter voltage being sufficient high the lamp will ignite. 
Then the impedance of the load will decrease, which Is reflected to the operation of the 
oscillator such that its oscillation frequency decreases from an ignition frequency to a lower 

30 normal operating frequency fop. 

Of all components of the driver circuit shown in fig. 1, that is except for lamp 
2, inductor 3 is the most bulky one. That is, the size of a housing containing the driver circuit 
is dominantly determined by the size of inductor 3. Inductor 3 may comprise a ferrite core, 
possibly of E-shape such as an EE14 core, carrying a winding having a number of turns. 
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When the components of the driver circuit are dunensioned such that the ignition frequency 
fjig is increased, the number of turns of inductor 3 which are necessary to generate the same 
sufficient ignition voltage as before is decreased. Then, with the dimensions of inductor 3 not 
being decreased, the losses in inductor 3 will decrease too. Accordingly the temperature of 
5 inductor 3 and, as a consequence, the temperature of the driver circuit and its housing will 
decrease too. In turn this is important when designing small driver circuits which are to be 
incorporated with a lamp, known as CFL-I, for specific powers of the lamp. 

As an alternative, by increasing the ignition frequency and decreasing the 
number of turns of inductor 3 while accepting the losses and temperature rise because of that 
10 of inductor 3 at levels as before, the size of inductor 3 can be made smaller. 

Therefore it will be a trade off for a designer in optimi2dng a preferable 
combination of reduced losses and temperature rise in inductor 3 and reduced size of inductor 
3. 

It is widely believed that increasing the frequency allows to reduce the values 
15 of such an inductor and of capacitors. An explicit statement of this can be found in US- 
5,538,243, column 4 lines 33-35. 

However, the inventors have found that when the ignition frequency is 
increased beyond some level losses in the core of the inductor 3 will increase. It is common 
practice that an increase of the ignition frequency f|g will increase the normal or stationaiy 
20 operating frequency fop also and therefore the losses in inductor 3, in particular losses in core 
and wire, during normal operation will increase too. Therefore the inventors considered that 
there must be an optimum combination of ignition frequency f[g, normal operation frequency 
fop and acceptable losses. 

Because FETs 16, 17 switches explicitly on or off a lot of harmonics will be 
25 generated which may cause radio frequency mterference (RPI) and electromagnetic 

interference (EMI) with other electrical equipment. Therefore it will be necessary that a 
driver circuit is designed such as to keep RFI and EMI within international standards. 

From simulation by computer and practical experiments the inventors 
measured the temperature of inductor 3 having an EE-14 core for different combinations of 
30 the ignition frequency f|g and normal operating frequency fop. The results for three out of 
many of such combinations PI, P2 and P3 are given in table I below and are indicated in fig. 



wo 2005/072023 



PCT/IB2005/050218 



6 



TABLE I 
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P2 
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25 



It is to be noted that the temperature T indicated in Table I is a temperature 
rise above ambient temperature of the driver circuit. The inventors considered that a 
5 temperature rise of inductor 3 about 30^ would be acceptable. This means that the ratio 
R==f|g/fQp of the ignition frequency and the normal operating frequency should be about 2,2 

or greater. 

With higher frequencies than those mentioned in Table I, it is not possible to 
comply with RFI and EMI standards. 

10 Fig. 2 shows a driver circuit which is similar to that shown in fig. 1 . The 

circuit shown in fig. 2 comprises an inverter 22 which replaces inverter control 12 and FETs 
16, 17 of fig. 1. That is, inverter 22 has driver transistors integrated therewith and the 
conunon node OUT supplies a high voltage alternating current to inductor 3. Inverter 22 can 
be an integrated circuit UBA2024 manufactured by Philips. 

15 The driver circuit shown in fig. 2 further comprises a series circuit of a resistor 

24 and a capacitor 25 connected between the high DC voltage terminal 6 and the input RC of 
inverter 22, Capacitor 25 decouples for DC voltage. Therefore a ripple of essentially two 
tunes the mains frequency will be supplied from terminal 6 to input RC of inverter 22. This 
causes the output frequency to be firequency modulated by the frequency of said mains ripple. 

20 By modulating the frequency of the current supplied to lamp 2 the energy 

contained in harmonics due to switching of driving transistors in said current will be smeared 
out over a larger frequency range. It is found that by doing so much higher ignition 
frequencies can be used while still complying with RFI and EMI standards. 
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The inventors have calculated and carried out practical experiments resultuig 
in several combinations of ignition frequency ffg, fop and temperature rise of inductor 3 

using a modulating frequency of 100 Hz and a modulating ratio of 7% by which the driver 
circuit shown in fig. 2 still complies with RFI and EMI standards. Herein, the frequency ratio 
5 is defined with respect to a maximum frequency f^ax ^ minimum frequency fj^fn of the 
output current through conductor 3, in particular by (fmax " fminV(fmax fmin) ^ 100%- 
The combinations P4-P7 found are given in Table II below and are indicated in fig. 3. 

10 TABLE 3 
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From Table II and fig. 3 it is obvious that a huge increase of the ignition 
frequency can be obtained by applying modulation of the frequency of the current through 
lamp 2. Such an increase of ignition frequency, while keeping the normal operating 
1 5 frequency identical to that used in the driver circuit shown in fig. 1 , the size of inductor 3 
and/or its losses and temperature rise can be reduced remarkably. This will give a designer 
much more room to find an optimum design for its goal. 

Inverter control 12 of the driver circuit shown in fig. 1 and inverter 22 of the 
20 driver circuit shown in fig. 2 may consist of integrated circuits, such as UBA2021 and 

IJBA2024 by Philips respectively, which can be programmed or otherwise designed to carry 
out specific operations to attain specific ignition and normal operation conditions. Therefore 
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it will be obvious that inverter control 12 and inverter 22 may comprise internal circuits to 
generate ignition and normal operating frequencies as required on the fly and to generate a 
modulating frequency and modulating ratio having values different from those mentioned 
above. 

5 The inventors found that the ratio R = fig/fop is preferably in a range between 

2,2 and 7. More preferably the ratio is about 5. 

The inventors also found that a modulating frequency of less than 15% of an 
average of the oscillating frequency will do fine. 

It is observed that, although the invention has been described with reference to 
10 some embodiments shown in the drawings, several modifications can be carried out by a 
person skilled in the art within the true spirit and scope of the invention as defined by the 
appended claims. For example, frequencies for ignition, normal operation and modulation 
could all be generated and monitored by internal circuitry of an integrated circuit which 
drives the load of lamp 2, inductor 3 and c^acitor 4. 
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CLAIMS: 



1 . A high frequency driver for a gas discharge lamp, which is in series with an 
inductor and which has a capacitor connected in parallel to it, comprising an oscillator, which 
has DC input terminals for connecting to a DC source and AC output terminals for 
connecting to a load comprising the lamp» the inductor and the capacitor, the oscillator 

5 oscillating at a first high frequency during ignition of the lamp and the oscillator oscillating at 
a second high frequency during normal operation of the lamp after its ignition, with the first 
frequency being higher than the second frequency by a ratio of at least 2,2. 

2. The driver according to claim 1, wherein, the ratio is in a range of 2,2 to 7. 

10 

3. The driver according to claim 1, wherein, the ratio is about 5. 



4. The driver according to claim 1, wherein, the oscillating frequency is 
frequency modulated with less than 15% of an average of the oscillating frequency. 

15 

5. The driver according to claim 4, wherein, the frequency modulation is about 
7% of the average of the oscillating frequency. 

6. The driver according to claim 4, wherein, the modulating frequency is derived 
20 from an AC supply to the DC source. 



7. A method for driving a gas discharge lamp, which is in series with an inductor 

and which has a capacitor connected in parallel to it, by a driver which comprises an 
oscillator, which has DC input terminals for connecting to a DC source and AC output 
25 terminals for coimecting to a load comprising the lamp, the inductor and the capacitor, the 
oscillator oscillating at a first high frequency during ignition of the lamp and the oscillator 
oscillating at a second high frequency during normal operation of the lamp after its ignition, 
with the first frequency being higher than the second frequency by a ratio of at least 2,2. 
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8. The method according to claim 7, wherein, the ratio is in a range of 2,2 to 7. 

9. The method according to claim 7, wherein, the ratio is about 5. 

10. TTie method according to claim 7, wherein, the oscillating frequency is 
frequency modulated with less than 15% of an average of the oscillating frequency. 

1 1 . The method according to claim 10, wherein, the frequency modulation is about 
7% of the average of the oscillating frequency. 

12. The method according to claim 10, wherein, the modulating frequency is 
derived from an AC supply to the DC source. 

13. A Gas discharge lamp assembly comprising a gas discharge lamp, an inductor 
which is in series with the lamp, and a capacitor which is in parallel to the lamp, a DC supply 
circuit and a driver according to one of the claims 1 to 6 which is connected in series between 
the DC supply circuit and the lamp. 
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